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Description 

Field of The Invention 

[0001] The present invention relates to resonant cav- 
ity, organic electroluminescent devices. 

Background of The Invention 

[0002] Resonant cavity electroluminescent devices 
(also called resonant cavity light emitting devices or 
RCLEDs), and, specifically, microcavity organic light 
emitters, are known in the art. An RCLED is referred to 
as "organic" when the electroluminescent ("EL") mate- 
rial used therein is organic. As its name implies, a mi- 
crocavity structure has a cavity platform on the order of 
micrometers. 

[0003] Generally, the fluorescence spectrum of some 
electroluminescent organic materials are broad, in 
some cases covering the entire visible region. Manipu- 
lation of the spontaneous emission rates and profiles of 
luminescent systems can be accomplished by incorpo- 
rating them into structures, such as microcavity struc- 
tures, that alter their nominal free space density and 
photon states. A planar microcavity structure can tailor 
the spontaneous emission of organic thin films. Thus, a 
single emissive layer of organic material in a planar mi- 
crocavity structure, for example, can be used to con- 
struct red, green or blue light emitters. This is known in 
the art and described in further detail in A. Dodabalapur, 
et a!., "Microcavity Effects In Organic Semiconductors," 
64(19) Appl. Phys. Lett. 2486 (May 9, 1994) ("Doda- 
balapur I"); A. Dodabalapur, et aL, "Electrolumines- 
cence From Organic Semiconductors In Patterned Mi- 
crocavities," 30 Elect. Lett. 1000 (1994) ("Dodabalapur 
II"); A. Dodabalapur, et ai., "Color Variation With Elec- 
troluminescent Organic Semiconductors In Multimode 
Resonant Cavities," 65(18) Appl. Phys. Lett. 2308 (Oct 
31, 1994) ("Dodabalapur III") and U.S. Patent No. 
5,405,710 (the "Dodabalapur patent"). 
[0004] In brief, narrowing of the bandwidth of the emit- 
ted light to a "single" color in a planar microcavity struc- 
ture, for example, is due to the enhancement by the re- 
flective layers incorporated into the device. This is de- 
scribed in Nakayama, et al., "Organic Photo- And Elec- 
troluminescent Devices With Double Mirrors", 63(5) Ap- 
pl. Phys Letter 594 (Aug. 2, 1993). The wavelength of 
the emitted light is further determined by the optical 
thickness (also called optical length) of the cavity, which 
can be manipulated by changing the thickness of the 
layers comprising the cavity. Other optical properties 
may be changed to create this effect, such as the index 
of refraction of the layers, or the center wavelength of 
the stop band of a quarter wave stack used as a reflec- 
tive surface. As disclosed in the Dodabalapur patent, a 
filler layer of appropriate thickness may'be incorporated 
into the microcavity structure to control the emitted 
wavelength. By using different thicknesses for the filler 



layer in distinct regions of a planar microcavity structure, 
a single emissive layer of organic material can be used 
to construct red, green or blue light emitting elements in 
the distinct regions. 

5 [0005] Consequently, microcavity organic light emit- 
ting devices (LEDs) employing a variable filler layer are 
advantageous since they can be used to create a full 
color display without the need to combine different emis- 
sive materials. Once it is decided what layer or property 

10 is to be varied to achieve the particular color of the par- 
ticular light emitter, only that layer or property need be 
varied to obtain the desired color. All other layers com- 
prising the particular microcavity, including the organic 
EL layer, will remain constant for the different color emit- 

15 ters. 

Summary of The Invention 

[0006] The origins of the present invention stem from 

20 a recognition that, in general, resonant cavity electrolu- 
minescent devices and, specifically, microcavity organic 
light emitters, have an emission spectrum that undesir- 
ably varies as a function of viewing angle from the de- 
vice. That is, a blue shift in the emitted wavelength (i.e., 

25 a shift towards shorter wavelengths) occurs with an in- 
crease in the viewing angle from the normal to the emit- 
ting surface of the device. In microcavity devices, the 
distance between standing wave nodes of incident and 
reflected waves decrease with an increase in viewing 

30 angle. Thus, to match the characteristic dimension of 
the cavity requires shorter wavelengths. Accordingly, 
the peak wavelength of a typical microcavity organic 
light emitter may decrease by about 25 to 50 nm with a 
45° shift in viewing angle from the normal to the plane 

35 of light emission. The blue shift limits the use of micro- 
cavity LEDs in a number of important applications, such 
as displays, where visual perception and impressions 
are important. 

[0007] Accordingly, the present invention overcomes 

40 the above-noted problems of prior art microcavity LEDs 
by providing a microcavity organic light emitter that re- 
duces or minimises the variation in the wavelength of 
light emitted per change in viewing angle. In an illustra- 
tive embodiment, a microcavity electroluminescent de- 

45 vice comprises a substrate having a surface with at least 
one symmetric, non-planar projecting surface feature, 
wherein the geometry of the symmetric, non-planar pro- 
jecting surface feature of the substrate is such as to pro- 
vide a reduction in emission wavelength variation as a 

50 function of viewing angle from the device, and a micro- 
cavity layer structure stacked on the non-planar surface 
feature. The microcavity layer structure includes at least 
a first refelective layer on the non-planar projecting sub- 
strate surface feature, a second reflective layer super- 

55 posed above the first layer and an active layer having 
organic material capable of electroluminescence be- 
tween the first and second reflective layers. The sub- 
strate may have a planar surface opposite its symmetric, 
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non-planar projecting surface feature, and the symmet- 
ric, non-planar surface of the substrate may be a cone 
extending away from the opposite planar surface. The 
cone may be a right circular cone with wedge angle be- 
tween 8° and 15°. Alternatively, the non-planar project- 
ing surface feature may be a frustum, a dome-like sur- 
face, or a combination thereof. The electrolumines- 
cence from opposing regions of the non-planar surface 
add in the far field in a manner such as to reduce the 
wavelength variation of the emitted light with viewing an- 
gle, as compared to planar microcavity LEDs. 
[0008] A display can be fabricated with a plurality of 
microcavity LEDs in accordance with the present inven- 
tion fabricated on a common substrate. The substrate 
has a planar surface on one side and an opposing sur- 
face having a plurality of projecting non-planar surface 
features. The LEDs are fabricated on the projecting non- 
planar surface features, such that each forms a sub-pix- 
el. Each pixel of the display comprises, e.g., at least 
three adjoining sub-pixels of different colors. 

Brief Description of The Drawings 

[0009] The features of the present invention will be 
better understood and become readily apparent by re- 
ferring to the following detailed description of an illustra- 
tive embodiment of a microcavity organic light emitter, 
in conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a representative illustration of the layers 
comprising a typical microcavity light emitter; 
FIG. 2 shows a table with exemplary microcavity 
layer materials and thicknesses; 
FIG. 3 is a graph of the measured intensity of the 
emitted light versus wavelength for the light emitter 
of FIGS. 1-2 for a number of viewing angles; 
FIGS. 4A and 4B are perspective and cross-sec- 
tional views, respectively, of a conical type light 
emitter in accordance with the present invention; 
FIG. 5A depicts calculated intensity of emitted light 
versus wavelength for the light emitter defined by 
FIGS. 2 and 4 for a number of viewing angles; 
FIGS. 5B and 5C illustrate EL performance compar- 
isons between a planar LED and a conical LED; 
FIG. 6A is a perspective view of a portion of a dis- 
play in accordance with the present invention; 
FIG. 6B is the cross-sectional view BB of FIG. 6A; 
FIGS. 7-9 are cross-sectional views of alternate 
embodiments of the present invention; and 
FIG. 10 is the calculated intensity of the emitted light 
versus wavelength for the light emitter of FIGS. 1-2 
for a number of viewing angles. 

Detailed Description of The Preferred Embodiment 

[0010] FIG. 1 presents a representative perspective 
view of a typical microcavity organic light emitter 10 as 



known in the art. Emitter 10 has a generally solid rec- 
tangular geometry and can be used as a sub-pixel or 
pixel of a flat display. Emitters such as this are also de- 
scribed in Dodabalapur l-lll and the Dodabalapur patent 

5 referred to above. Descriptions of how to construct the 
emitters through various deposition, spin coating and 
masking, which is known in the art, is likewise described 
in these references. Mathematical modeling of the layer 
system, allowing construction of emitters of a chosen 

10 wavelength, is also described. 

[001 1] Light emitter 1 0 is comprised of an organic mi- 
crocavity layer structure 1 5 formed on a first planar sur- 
face i 7 of a substrate 1 2. The substrate 1 2 has a second 
planar surface 13 opposite planar surface 17, through 

15 which light generated by the microcavity structure 1 5 is 
emitted. A significant difference between illustrative em- 
bodiments of the present invention to be described be- 
low and light emitter 10 is that substrate 12 is replaced 
by a substrate having a non-planar surface upon which 

20 the microcavity structure is formed. In these embodi- 
ments, the microcavity layer structure is of a generally 
uniform thickness along the entire non-planar surface of 
the substrate. As such, the following discussion of the 
layer composition of the microcavity structure 15 is ap- 

25 plicable to both the prior art planar light emitter 10 and 
to the light emitters of the present invention to be de- 
scribed below. 

[0012] At a minimum, microcavity structure 1 5 is com- 
prised of a bottom mirror layer 14 which is a multilayer 

30 dielectric stack, an organic electroluminescent (EL) lay- 
er 22 (the "active" layer), a top metallic mirror 24 and 
some means for facilitating application of an electric field 
across EL layer 22 to cause it to emit light through the 
bottom mirror 14. Optionally, however, the active layer 

35 can comprise, in addition to the organic EL layer 22, one 
or more additional layers, e.g., a hole transport layer 20 
and/or an electron/hole blocking layer (not shown) be- 
tween EL layer 22 and top mirror 24. The EL material of 
layer 22 can be single layer, or it can be two or more 

40 layers that differ in their emission characteristics. Each 
of the EL material layers can be doped or undoped. 
[0013] The substrate 12, as well as the substrates 
having non-planar surfaces employed in embodiments 
of the invention described below, is substantially trans- 

45 parent to radiation of the relevant wavelength. By "sub- 
stantially transparent" we mean herein that, over the rel- 
evant distance, the attenuation of radiation of the rele- 
vant wavelength is typically not more than 25%. Exem- 
plary substrate materials are fused silica, glass, sap- 

50 phire, quartz, or transparent plastic such as poly(ethyl- 
sulfone). 

[0014] The multilayer mirror 14 consists of alternating 
layers of substantially non-absorbing materials of ap- 
propriately chosen thickness (typically A/4). Such mir- 
55 rors are well known. Its reflectivity depends in a known 
way on the number of layer pairs and the refractive index 
of the materials used. Exemplary material pairs are Si0 2 
and Si x N y ; Si0 2 and SiN x ; and Si0 2 and Ti0 2 . In FIG. 
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1, mirror 14 is shown by way of example to consist of 
alternating Si0 2 and Si x N y layers 14a-14f, i.e., three lay- 
er pairs. It is understood that more or fewer pairs can 
be used. 

[0015] The organic EL layer 22 is the source of the 
light emission. Exemplary EL materials are tris(8-hy- 
droxyqutnoline)aluminum(Alq), perylene derivatives, 
anthracene, po!y(phenylene vinylenes), oxadiazole and 
stilbene derivatives. EL materials optionally can be 
doped, exemplary with coumartne, a DCM, or a rhod- 
amine derivative, in order to tailor the EL spectrum of 
the materia! and/or enhance the efficiency of the device. 
The EL material can consist of multiple layers including 
some which are doped as described in Jordan etal., Ap- 
pl. Phys. Lett. 68, 1192 (1996). 

[0016] Optionally, hole transport layer 20 is included, 
which can be any substantially transparent materia! that 
can facilitate the transport of holes to EL layer 22, where 
electron-hole recombination takes place. Examples of 
suitable materials are diamine (e.g., tripheny! diamine 
or TAD) and poly(thieny!ene vinylene). 
[0017] An (optional) electron transport layer (not 
shown) may be employed between EL layer 22 and top 
mirror 24. The electron transport layer can be any sub- 
stantially transparent material that can facilitate electron 
transport from the top mirror to the EL layer. Exemplary 
of such materials are 2-(4-Biphenyl)-5-phenyl-1 , 3, 
4-oxadiazole (PBD) t butyl PBD, or either of these doped 
in an inert polymer such as poly(methyl methacryiate) 
(PMMA) or a poly(carbonate). 

[0018] The top metallic mirror layer 24 injects elec- 
trons into the adjacent layer. Exemplary reflective ma- 
terials are Al, Ag or Au, or alloys such as Mg/AI, Mg/Ag, 
or Li/Ai. Mirror layer 24 is patterned in display applica- 
tions, both in the prior art and in the embodiments here- 
in, in order to separate adjacent LEDs from one another. 
As such, voltages can be selectively applied to the top 
metallic mirrors of the individual LEDs to produce elec- 
troluminescence. 

[0019] Appropriate choice of EL material can make 
possible elimination of one (possibly both) of the hole 
transport layer and the electron transport layer. For in- 
stance, Alq can function both as EL material and elec- 
tron transport medium, and po!y(phenylene vinylene) 
can function both as EL materia! and hole transport me- 
dium. 

[0020] An (optional) filler layer 16 can be any substan- 
tially transparent material that is chemically stabie under 
the manufacturing and operating conditions that can be 
patterned by an appropriate technique. Exemplary filler 
materials are transparent polymers (e.g., polyimide) or 
transparent dielectrics (e.g., Si x N y or Si0 2 ). 
[0021] Preferably, a transparent (or semitransparent) 
electrode layer 18 is employed as the means for facili- 
tating application of an electric field across the active 
layer or layers. Exemplary choices for electrode layer 
18 are: indium tin oxide (ITO); another conducting oxide 
such as Galn0 3 or Zn 1 2 ln 1 9 Sn 0 A O x \ a conducting pol- 



ymer such as polyamline; or, a thin layer (e.g., about 10 
angstroms) of metal (e.g., Au or Al). 
[0022] The electric field across the EL layer, which 
causes electroluminescence, is preferably created by 

5 applying a voltage between the top mirror layer 24 and 
the electrode layer 18. Electroluminescence is observed 
when approximately 1 0 volts is applied between these 
layers. The device typically operates at about 10% in- 
ternal quantum efficiency (i.e., photons per injected 

10 electron). 

[0023] To facilitate the manufacturing of a large 
number of light emitters of several, (e.g., three) selective 
colors on a common substrate, such as in display appli- 
cations, the filler layer 1 6 is preferably used as the layer 

15 which controls the color emitted. As such, the same or- 
ganic EL material can be used throughout the display to 
produce the different colors. This technique was de- 
scribed in the Dodabalapur patent and is also applicable 
to the light emitters of the present invention described 

20 below. Basically, the thickness of the filler layer is used 
to manipulate the total optical length of the cavity and, 
thus, the principal emission wavelengths. (As noted in 
the Dodabalapur patent, for example, the thicknesses 
and refractive indices of the other layers of microcavity 

25 layer structure 15 may also be tailored to set the total 
optical length of the cavity. The "cavity" itself is defined 
by its optical length). 

[0024] FIG. 2 tabulates exemplary thicknesses and 
materials which can be used for the various layers of the 

30 emitter 10 of FIG. 1. Atypical index of refraction for each 
layer is also given. This particular configuration results 
in a yellow emission normal to the planar bottom surface 
13 of substrate 12 (i.e., along the z axis of FIG. 1). 
[0025] Shown in Fig. 3 are curves of the measured 

35 intensity of the electroluminescence (EL) emitted by the 
planar microcavity emitter 10 of FIG. 1 having the layer 
characteristics given in FIG. 2. Electroluminescence is 
plotted versus wavelength for various viewing angles 0, 
where 0 represents the far field angle from the normal 

40 axis z to the substrate 12 (see FIG. 1). In the normal 
direction (0=0°), a narrow peak is observed at approx- 
imately 590 nm, with a spectral width of approximately 
25 nm. The peak emission wavelength becomes shorter 
as the viewing angle © increases. Thus, in the example, 

45 the peak emission wavelength shifts from about 590 nm 
at 0=0° to 565 nm at 0=45°, a "blue shift" of 25 nm. 
Also, the bandwidth of the wavelength increases, and 
the peak intensity decreases, with increasing viewing 
angle. The peak EL intensity at 0=45° is approximately 

50 one third of the value observed at 0=0°. It is noted that 
an approximation for the EL intensity and emission 
wavelengths can be obtained analytically, with close 
agreement with the measured results of FIG. 3. This 
analysis will be discussed in detail below. 

55 [0026] In accordance with the present invention, 
emission wavelength variation with viewing angle is re- 
duced by providing a microcavity structure on a sym- 
metric, non-planar surface of a substrate. The non-pla- 
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nar surface is selected to reduce or minimize such emis- 
sion wavelength variation. 

[0027] in a first embodiment, this non-planar surface 
is conical. FIG. 4A is a perspective view of a conical type 
microcavity light emitter 40 in accordance with the 
present invention. A substrate 42, e.g., fused silica, has 
a solid rectangular base portion unitary with a conical 
portion. A uniform microcavity layer structure 15 of light 
emitting device layers is formed on the conical portion 
of substrate 42. The conical portion is preferably a right 
circular cone. As such, the emitter 40 is symmetric about 
a Z axis running through the apex of the cone. As shown 
in FIG. 4B, which is the view AA of FIG. 4A, the base 
portions and conical portions of substrate 42 are desig- 
nated as 42a and 42b, respectively. Light is emitted 
through a planar bottom surface 43 of base portion 42a, 
Conical portion 42b has a shallow wedge angle \\f which 
may be in the range of 8-15°. Viewing angle 0* from the 
z axis (normal to surface 43) is analogous to viewing 
angle 0 of the planar LED 10 discussed above (FIG. 1). 
[0028] Layered structure 15 is preferably formed on 
the conical portion 42b by means of evaporation subli- 
mation of the successive layers. This process allows the 
layers to be formed with substantially uniform thickness 
over the entire conical surface, (it is noted that it may 
be possible to form layered structure 1 5 on conical por- 
tion 42b by spin casting from a solution). Layered struc- 
ture 1 5 is thus analogous to that used for the planar LED 
of FIG. 1 , and forms a microcavity structure, with the 
thickness and index of refraction of each layer influenc- 
ing the emission spectrum normal to each region of the 
microcavity structure 15. 

[0029] Wavelength variation of emitted light as a func- 
tion of viewing angle 0' is reduced with light emitter 40 
as compared to the variation exhibited by planar light 
emitters such as that shown in FIG. 1 . This wavelength 
variation reduction is a result of the addition, in the far 
field, of the light spectra originating from the various re- 
gions of the conical structure. Referring to FIG. 4B, the 
far field light emission at each angle 0' in the x-z plane 
can be roughly approximated as an addition of the light 
emitted by opposing halves 1 5a and 1 5b of the LED lay- 
er structure 1 5. Thus, for example, sections 1 5a and 1 5b 
can be envisioned as two planar microcavity LEDs 
squinted towards one another, each having emission 
characteristics similar to that shown in FIG. 3. As such, 
one can ascertain from the geometry that the addition 
of the spectra will provide diminished wavelength vari- 
ation with viewing angle. Because of the symmetry of 
the device, the far field spectrum in all planes (as well 
as the x-z plane) will be essentially the same. The con- 
ical case is a relatively easy one to model analytically, 
since the far field pattern can essentially be obtained by 
averaging the contributions from both halves of the cone 
in each plane. 

[0030] Referring to FIG. 5A, computed EL intensity of 
the conical light emitter 40 vs. wavelength is plotted for 
viewing angles 0' of 0°, 15.8°, 25.2° and 45°, for the 



case of light emitter 40 having analogous layer charac- 
teristics to those of FIG. 2. Thus, a 90 nm thick Alq layer 
is used for EL layer 22, and so forth. The substrate 42 
is assumed to be fused silica with an index of refraction 

5 of 1 .5 and a base portion 42a thickness of 1-10 millim- 
eters. The wedge angle \|/ of the conical portion is 12° 
for this case. The curves indicate that the emission 
wavelength variation with viewing angle is reduced as 
compared to the prior art light emitter 1 0 of FIG. 1 . The 

10 principal emission wavelength at 0'=O° is approximately 
588 nm - this shifts slightly higher to about 594 nm as 
0' reaches 25.2°, and then lower to about 583 nm for a 
©' of 45°. Hence, the LED 40 exhibits a peak emission 
wavelength shift of +6/-5 nm between a viewing angle 

15 0* of 0° and 45° , as compared to a -25 nm shift for the 
prior art case of FIGS. 1-3. As shown in FIG. 5B, the 
peak EL intensity variation with viewing angle is also re- 
duced with the conical LED 40, at the expense of lower 
EL intensity normal to the device. Curve 54 is a plot of 

20 peak EL intensity vs. viewing angle for the LED 10 of 
FIGS. 1-3, while curve 52 is for the conical LED 40 with 
the same microcavity layer structure 15. 
[0031] FIG. 5C shows a CIE chromatictty plot of an- 
gular dependence for various LEDs disclosed herein. 

25 The accepted system for quantifying color perception is 
the CIE representation in terms of chromaticity coordi- 
nates X, Y and Z which are designed to approximate 
human visual pigment responses. See, e.g., Colorime- 
try, 2nd edition, CIE Publication 15.2, Vienna, Austria 

30 (1986). The response to any spectrum can be reduced 
to these coordinates and the similarity between two sets 
of spectra can be measured. 

[0032] In the CIE plot of FIG. 5C, normalized x and y 
coordinates are plotted with z determined by the nor- 

35 malization x + y + z = 1 . Pure monochromatic colors fall 
along the plotted locus 59 and superpositions therefore 
fall inside the bordered area 54 defined by the locus. 
The spectra of the planar LED of FIGS. 1-3 are indicated 
by the filled squares 55. The dispersion reflects the per- 

40 ceived color variation with angle. It is noted that points 
for an analogous green Alq microcavity device with iden- 
tical structure other than filler layer thickness would be 
more closely spaced, indicating that angle variation is 
less of a problem in this case. This is because the hu- 

45 man eye is less sensitive to wavelength changes in the 
upper part of the CiE phase space, as documented by 
human perception experiments. See, e.g., D.L. MacAd- 
am, J. Opt Soc. Am. 32, 247 (1942). 
[0033] Also plotted in FIG. 5C are the computed re- 

50 suits (data points 56) in CIE space for the conical LED 
40, with 12 degree wedge angle. The same microcavity 
layer structure 15 as the planar LED 10 was used, ex- 
cept that an extra 3 nm filler layer thickness was added 
to compensate for the slight blue shift at 0° viewing an- 

55 gie associated with the cone structure. The plotted data 
points for both cases are for viewing angles 0(or 0 1 for 
the conical case) of 0, 15.8, 25.2 and 45 degrees. 
[0034] FIG. 6A shows a portion of a display 60, which 
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is comprised of LED microcavity structures 1 5 r 1 5 4 fab- 
ricated on a common substrate 62, e.g, fused silica. 
Substrate 62 has a solid rectangular base 62a and a 
plurality of conical portions atop the base 62a. Each LED 
structure 15; overlays an associated one of these coni- 
cal portions. This is shown more clearly in the cross- 
sectional view BB of FIG. 6B (bisecting the cones asso- 
ciated with multicavity structures 15 2 and 15 3 ), where 
conical portions 62b 2 and 62b 3 of substrate 62 are 
shown. The substrate 62 can be fabricated with such 
conical structures by stamping the silica from a mold. 
The stamping moid can be made, for example, by etch- 
ing the reverse conical structures in a semiconductor 
and then metallizing it. Alternatively, for relative large 
conical or other non-planar structures, the substrate 
may be machined directly to form the structures. Micro- 
lens arrays may be appropriate substrates and are avail- 
able commercially. 

[0035] With continuing reference to FIGS. 6A and 6B, 
each LED structure 15j is grown on an associated one 
of the substrate's conical portions 62bj to form a sub- 
pixel. Each LED structure 15j is designed to emit a spe- 
cific color, which may be accomplished by utilizing a dif- 
ferent Si x N y filler layer 16j for each LED. Varying only 
the filler layer to realize the different color sub-pixels has 
manufacturing advantages in that the same organic ac- 
tive layer can be used for each sub-pixel. For example, 
three clustered LEDs such as 15 r 15 3 can together 
comprise a pixel, with each sub-pixel designed to emit 
one of the primary colors red, green or blue. As such, 
any color can be generated by the overall pixel with ap- 
propriate biasing and superposition of the three primary 
colors. It is noted that the wedge angle used for each 
sub-pixel type (each type being associated with a given 
color) may be different. The extent of the emission 
wavelength variation with viewing angle is generally dif- 
ferent for each color in planar microcavity LEDs and 
thus, the wedge angles can be tailored to minimize the 
variation for each sub-pixel type. Each sub-pixel may be 
defined by either the circular base of the associated con- 
ical portion 15 s or by a square platform with sides S (as 
defined by dotted lines 65) including one conical portion 
1 5 f . Each side S may be on the order of 1 00 micrometers 
long, for example. A typical display comprises thou- 
sands of pixels with each pixel comprised of three or 
four sub-pixels. 

[0036] The diameter of each conical portion 62j of the 
substrate is typically slightly less than the length of the 
associated sides S. In the regions 67 between the con- 
ical LEDs, at least the top mirror layer 24 is absent, such 
that the individual microcavity structures 15| are electri- 
cally separated. This is accomplished by patterning the 
mirror layer 24, e.g., by masking the regions 67 prior to 
the layer 24 deposition or by photolithography and etch- 
ing of layer 24. 

[0037] Preferably, at least the transparent electrode 
layer 1 8 remains in the regions 67 to facilitate the biasing 
of the individual sub-pixels. Thus, a large sheet of ITO 



can be used in the area comprising either the entire dis- 
play or large strips of the display. This sheet or set of 
strips would then comprise the ITO layer 18 for hun- 
dreds or thousands of sub-pixels, and is maintained at 

5 a constant reference potential to facilitate biasing. For 
ease of manufacturing, the other layers (aside from the 
top mirror) of LED structures 15] are also preferably 
present in the regions 67 and are deposited as large 
sheets of material. Such is the configuration shown in 

10 FIG. 6B, where it is seen that only the top mirror layers 
24 2 and 24 3 are discontinued in region 67 between the 
microcavities 15 2 and 15 3 . Also, in this example, filler 
layers 16 2 and 16 3 are of different thicknesses. As such, 
with the other layers being of essentially the same ma- 

15 teriai and thicknesses, the two microcavities produce 
different colors. (It is noted that in FIG. 6B, the thick- 
nesses of the layers of microcavity structures 15 2 and 
15 3 are exaggerated with respect to the size of the con- 
ical portions, for clarity). 

20 [0038] The thickness of the filler layer typically is in 
the range of 50-2000 nm. The filler layer may actually 
be absent in one of the LED microcavities 15j of each 
pixel (i.e., the filler layer thickness may be zero in one 
of the microcavities). Typically, a filler layer of essentially 

25 constant thickness is formed on the bottom mirror 14, e. 
g M by spin coating and baking of polyimide, followed by 
patterning by appropriate means, e.g., photolithography 
and etching. The purpose of the patterning is to provide 
optical cavities differing in their optical length such that 

30 different colors can be produced. 

[0039] The sub-pixels can be biased by a convention- 
al means in which the electrode layer 18 is held to a 
common reference potential and voltages are selective- 
ly applied to the top mirror layer 24| of each microcavity 

35 structure 1 5j. The sub-pixels can thus be excited at ap- 
propriate times to create any desired image on the dis- 
play. Any appropriate circuitry can be used to drive the 
sub-pixels. See, for instance, K. Murata, Display Devic- 
es, pp. 47-50, 1992. At page 49, FIG. 9a of this refer- 

40 ence, a matrix driving circuit is disclosed which could be 
used in a display according to the present invention. 
[0040] Referring to FIG. 7, an alternate embodiment 
of the present invention is the light emitter 70, shown in 
a cross-sectional view. A substrate 72 is fabricated with 

45 a solid rectangular base portion 72a and a top portion 
72b in the shape of a truncated cone (frustum). LED lay- 
er structure 15 is then formed on the top portion 72b to 
provide an LED in the shape of a frustum with a flat top 
74. The LED layers of layer structure 15 are essentially 

50 the same as those used for the conical light emitter 40. 
The wedge angle x\f of the frustum may be in the range 
of 8-15°. As in the conical case, the emission wave- 
length variation with viewing angle 0' is reduced as com- 
pared to the planar light emitter of FIG. 1 . The truncation 

55 point on the frustum, which defines the area of the flat 
surface 74, can be optimized empirically or analytically. 
[0041] FIG. 8 shows another light emitter 80 in ac- 
cordance with the present invention, which also affords 
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improved emission wavelength variation with viewing 
angle. Light emitter 80 is similar to the frustum type emit- 
ter 70, except that a dome-shaped top portion 84 replac- 
es the flat top 74. A substrate 82 is comprised of a base 
portion 82a, a frustum portion 82b and a dome portion 5 
82c atop the frustum portion. The dome portion 82c is 
preferably spherical; however, it is understood that other 
symmetric shapes are possible, LED layer structure 15 
is grown on the frustum and dome portions of the sub- 
strate. The truncation point of the frustum portion 82b, 10 
the shape of the dome portion 82c, and the frustum 
wedge angle \j/ (typically between 8-15°) can be varied 
empirically or analytically to optimize the emission 
wavelength with viewing angle for a given LED layer 
structure 15. 15 
[0042] Referring to FIG. 9, another alternative embod- 
iment of the present invention is the light emitter 90. A 
substrate 92 is fabricated with a solid rectangular base 
portion 92a and a dome portion 92b which may be a 
shallow arc of a sphere. For example, a height H of 20 20 
microns may be used in conjunction with a width W of 
100 microns for the dome 92b. LED layer structure 15 
is uniformly grown on the dome. For given LED layer 
compositions and thicknesses, the shape of the dome 
92b can be varied to desensitize the emission wave- 25 
length with viewing angle as compared to the planar 
LED case. 

[0043] It is understood that a plurality of any of the 
light emitters 70, 80 and 90 of FIGS. 7-9 can be fabri- 
cated on a common substrate to form a display in an so 
analogous fashion as was described in reference to the 
display of FIGS. 6A-6B. It is also possible to form each 
pixel with differently shaped sub-pixels. For example, 
light emitter 80 may be used for one color while light 
emitter 70 may be used for another color, such that each 35 
pixel will have at least one sub-pixel as emitter 70 and 
at least one sub-pixel as emitter 80. 

Computational Procedure 

40 

[0044] The EL intensity and spectrum of light emitted 
from an organic microcavity structure as a function of 
viewing angle from the structure, can be computed 
based on the factors set forth below. The computation 
is for a microcavity structure disposed on a planar sub- 45 
strate such as that shown in FIG. 1. The EL intensity 
and spectrum for an LED having the same microcavity 
structure disposed on a symmetric, non-planar sub- 
strate, such as in the embodiments of FIGS. 4-9, can 
then be determined in any plane by adding the comput- so 
ed contributions from both halves of the symmetrical 
structure. For example, the result shown in FIGS. 5(A-C) 
for the conical-type LED case was obtained based on 
this approach. 

55 

FACTOR I : molecular emission versus wavelength. 
This is measured by photoiuminescence or by 
measuring the emission that the organic layers 



would provide in a non-cavity LED. In general, the 
molecular emission is a very broad distribution as a 
function of wavelength. (For organic materials that 
have narrow molecular emission, e.g., < — 10 nm, 
the angular remediation scheme herein would not 
be as useful, since the color cannot change much 
with viewing angle in this case anyway). 
FACTOR II: enhancement of the density of states 
in the cavity relative to free space. This is described 
by the magnitude and frequency dependence of the 
cavity finesse, which is defined as free spectral 
range (mode spacing) divided by cavity mode width. 
For example, the finesse at a viewing angle of zero 
degrees (perpendicular to the device layers) is cal- 
culated from the formula: 

where the cavity mirror reflectivities R n and R 2 are 
determined using the Fresnel equations as given in 
M. Born and E. Wolf, "Principles of Optics", Perga- 
mon Press, Norwich 1975 (5th Edition) pps. 40-49, 
55-70. The frequency dependence is Lorentzian 
with a spectral width and center frequency given by 
the cavity mode width and resonance position. 
These are calculated by applying a transfer matrix 
formalism to the entire LED multilayer structure. A 
transfer matrix formalism is described in G. Bjork 
and O. Nilsson, "New Matrix Theory of Complicated 
Laser Structures", Jnl. of Lightwave Technology, 
Vol. LT-5, No. 1, Jan. 1987, pp. 143-146. it is noted 
that the density of states enhancement depends not 
only on wavelength but on the direction in which the 
light is emitted. 

FACTOR 111 : the position of the emissive region rel- 
ative to the peaks and troughs of the field in the cav- 
ity mode. The field pattern at a given wavelength 
and for a given emission direction is also calculated 
from the transfer matrix formalism. The value at the 
emissive layer relative to'the antinode is easily de- 
termined. 

FACTOR IV : the fraction of the emitted light which 
actually escapes the LED (i.e., which travels 
through the dielectric stack mirror). This is given by 

<i-<R,R 2 n 2 

an expression which also includes the finesse factor 

II. See E.F. Schubert et al., infra. 

FACTOR V : the molecular lifetime reduction caused 

by the cavity. This has been found to be fairly small 

experimentally. The result can vary slightly if the 

molecules in the sample have varying emission 

spectra. 
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The calculation can be performed by averaging the mo- 
lecular emission rate over all directions including those 
where the light is totally internally reflected and does not 
escape the device. (See, e.g., Vredenberg et al., Phy. 
Rev. Lett. 71, 517 (1993).) 

[0045] Computations based on the above five factors 
of EL intensity and spectrum as a function of viewing 
angle from a planar microcavity device have been found 
to be in close agreement with measured results. For ex- 
ample, FIG. 10 shows computed EL intensity and spec- 
trum for the LED 10 of FIG. 1 having the layer charac- 
teristics given in FIG. 2. The reflectivity of the AS layer 
24 was assumed to be 0.826 + i1.5. The results show 
close agreement with the measured results shown in 
FIG. 3. As noted, computed results for microcavity LEDs 
fabricated on non-planar substrates in accordance with 
the present invention can be obtained by adding the re- 
sults from various regions of the device. The conical 
case is the easiest to analyze in that the two halves of 
the case can be approximated as planar devices in any 
plane. The results presented above in FIG. 5 were 
based on this approach. Microcavity structures fabricat- 
ed on dome-like substrate surfaces can be analyzed by 
integration in any plane of the far field contributions of 
each region of the curved dome-like surface. 
[0046] Although microcavity LEDs in accordance with 
the present invention are particularly useful in color dis- 
plays, they are also useful in other applications. For ex- 
ample, the LEDs can be used in a transmitter in optical 
interconnect means or in optical fiber communication 
means, or in a print head in an LED printer means. Such 
means will differ from the corresponding prior art means 
substantially only with respect to the light sources. 
[0047] It will be understood that various modifications 
can be made to the various embodiments of the present 
invention herein disclosed. 

[0048] As noted above, for example, various geomet- 
rical configurations of a surface of the substrate are con- 
templated in order to minimize the blue shift of the mi- 
crocavity electroluminescent device. Also, there are a 
wide range of choices of the number of layers, materials 
and characteristics of the material that can make up a 
microcavity electroluminescent device. All combina- 
tions would fall within the scope of the present invention. 
As noted, a mathematical model of the device may be 
used to refine and / or verify a design of a microcavity 
EL device that is intended to minimize the blue shift, or 
it may be used to create the design itself. Therefore the 
above description should not be construed as limiting 
the invention but merely as presenting preferred embod- 
iments thereof. 



Claims 

1. An electroluminescent device, comprising: 

a substrate having a surface with at least one 



symmetric, non-planar projecting surface fea- 
ture, wherein the geometry of the symmetric, 
non-planar surface feature of the substrate is 
such as to provide a reduction in emission 

5 wavelength variation as a function of viewing 

angle from the device compared to the emis- 
sion wavelength variation in a planar device; 
a first layer of reflective material disposed on 
said non-planar projecting surface feature; 

10 a second layer of reflective material super- 

posed above said first layer; and 
an active layer having organic material capable 
of electroluminescence disposed between said 
first and second reflective layers, said active 

15 layer and said reflective layers forming a micro- 

cavity structure. 

2. The electroluminescent device according to Claim 

1, wherein the substrate has a planar surface op- 
20 posite the symmetric, non-planar projecting surface 

feature. 

3. The electroluminescent device according to Claim 

2, wherein the symmetric non-planar projecting sur- 
25 face feature of the substrate is a cone having an 

apex extending away from the opposite planar sur- 
face of the substrate. 

4. The electroluminescent device according to Claim 
30 3, wherein the cone has a wedge angle between 

about 8° and about 15°. 

5. The electroluminescent device according to Claim 

1 , further comprising means for facilitating applica- 
35 tion of an electric field across the active layer such 

that said microcavity structure can be caused to 
emit light through said substrate. 

6. The electroluminescent device according to Claim 
40 2, wherein the symmetric, non-planar projecting 

surface feature of the substrate is a frustum extend- 
ing away from the opposite planar surface of the 
substrate. 

45 7. The electroluminescent device according to Claim 

2, wherein the symmetric, non-planar projecting 
surface feature of the substrate comprises: 

a frustum portion extending away from the op- 
50 posite planar surface of the substrate; and 

a dome-like portion atop the frustum portion. 

8. The electroluminescent device according to Claim 
2, wherein the symmetric, non-planar projecting 
55 surface feature of the substrate comprises a dome- 
like surface concave with respect to the opposite 
planar surface of the substrate. 



8 



15 



EP 0 801 429 B1 



16 



9. The electroluminescent device according to Claim 
7 or 8, wherein the dome-like portion or surface is 
spherical. 

10. The electroluminescent device according to Claim 
5, wherein: 

said substrate is selected from the group con- 
sisting of silica, glass, sapphire, quartz and 
transparent plastic; 

said first layer of reflective material is a dielec- 
tric stack of alternating silicon dioxide and sili- 
con nitride layers or alternating Si0 2 and Ti0 2 
layers; 

said second reflective layer is selected from the 
group consisting of Ai, Ag, alloys of Mg and Ag, 
alloys of Li and AI; and 

said means for facilitating application of an 
electric field across the active layer comprises 
an indium tin oxide or polyaniline layer. 

11. The electroluminescent device according to Claim 
10, further comprising a filler layer disposed be- 
tween said active layer and said dielectric stack, a 
hole transport layer and an electron transport layer. 

12. The electroluminescent device according to Claim 
3, wherein the peak wavelength emitted by the mi- 
crocavity electroluminescent device normal to the 
planar surface of the substrate varies by less than 
about 6 nm from the peak wavelength emitted 45° 
from the normal to the planar surface of the sub- 
strate. 

13. The electroluminescent device according to Claim 
1 t wherein the organic material capable of electro- 
luminescence is selected from the group consisting 
of Alq, perylene derivatives, anthracene, poly(phe- 
nylene vinylenes), oxadiazole or stilbene deriva- 
tives, and any of the foregoing doped with a dopant 
selected from the group consisting of coumarines, 
DCM and rhodamine derivatives. 

14. The electroluminescent device according to any 
preceding claim, wherein the device includes a mul- 
tiplicity of symmetric non-planar projecting surface 
features disposed on the surface of the substrate, 

15. A display, comprising: 

a substrate having a planar surface on one side 
and an opposing surface having a plurality of 
non-planar, symmetric projecting surface fea- 
tures; and 

a plurality of organic microcavity layer struc- 
tures, each formed on one of said projecting 
surface features and each defining a light emit- 
ting device (LED), each said layer structure in- 



to 



15 



eluding a first layer of reflective material dis- 
posed on the associated projecting surface; a 
second layer of reflective material superposed 
above said first layer; and an active layer hav- 
ing organic material capable of electrolumines- 
cence disposed between said first and second 
reflective layers wherein the emission wave- 
length variation as a function of viewing angle 
from said LEDs is reduced by the non-planar 
symmetric projecting surface features com- 
pared to the emission wavelength variation in 
a planar device. 

16. The display according to Claim 15, wherein at least 
some of said projecting surface features are cones. 



17. The display according to Claim 15, wherein each of 
said active layer and said first reflective layer are 
substantially continuous throughout said display, 

20 said second reflective layer being patterned to de- 
fine individual ones of said LEDs. 

18. The display according to Claim 17, wherein: 

25 at least three adjacent ones of said LEDs form 

a pixel of said display, with each said adjacent 
LED of a given pixel capable of emitting a dif- 
ferent color; 

each said adjacent LED of a given pixel having 
30 a color controlling filler layer of a thickness dif- 

ferent from that of the other of said adjacent 
LEDs of said given pixel; and 
said active layer of each said adjacent LED of 
a given pixel having substantially the same ma- 
35 terial and thickness such that a different color 

can be emitted by each said adjacent LED of a 
given pixel when biased. 



40 Patentanspriiche 

1. Elektrolumineszente Vorrichtung, umfassend: 



45 



50 



55 



ein Substrat, das eine Oberflache mit wenig- 
stens einem symmetrischen, nicht planaren, 
vorragenden Oberflachenmerkmal aufweist, 
bei dem die Geometrie des symmetrischen, 
nicht planaren Oberflachenmerkmals des Sub- 
strats so gestattet ist, daft sie im Vergleich zu 
der Abweichung der Emissionswellenlange bei 
einer planaren Vorrichtung eine Reduzierung 
der Abweichung der Emissionswellenlange in 
Abhangigkeit von dem Winkel, unter dem die 
Vorrichtung betrachtet wird, bewirkt; 

eine aus einem reflektierenden Material herge- 
stellte erste Schicht, die auf dem nicht plana- 
ren, vorragenden Oberflachenmerkmal ange- 
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ordnet ist; 

eine zweite Schicht aus einem reflektierenden 
Material, die uber die erste Schicht gelegt ist; 
und 

eine aktive Schicht, die zur Elektrolumineszenz 
fahiges, organisches Material enthalt und zwi- 
schen der ersten und der zweiten reflektieren- 
den Schicht angeordnet ist, wobei die aktive 
Schicht und die reflektierenden Schichten eine 
Mikrohohlraumstruktur bilden. 

2. Elektrolumineszente Vorrichtung nach Anspruch 1 , 
bei der das Substrat eine planare Oberflache auf- 
weist, die dem symmetrischen, nicht planaren, vor- 
ragende Oberflachenmerkmal gegenuberliegt. 

3. Elektrolumineszente Vorrichtung nach Anspruch 2, 
bei der das symmetrische, nicht planare, vorragen- 
de Oberflachenmerkmal des Substrats ein Konus 
ist, mit einer Konusspitze, die sich von der gegen- 
uberliegenden, planaren Oberflache des Substrats 
weg erstreckt. 

4. Elektrolumineszente Vorrichtung nach Anspruch 3, 
bei welcher der Konus einen Konuswinkel zwischen 
etwa 8° und etwa 15° aufweist. 

5. Elektrolumineszente Vorrichtung nach Anspruch 1 , 
weiterhin mit einem Mittei, das dazu dient, das An- 
iegen eines durch die aktive Schicht verlaufenden 
elektrischen Feides zu erleichtern, so da(i es mog- 
lich ist, die Mikrohohlraumstruktur dazu zu veran- 
lassen, Licht durch das Substrat hindurch auszu- 
strahien. 

6. Elektrolumineszente Vorrichtung nach Anspruch 2, 
bei der das symmetrische, nicht planare, vorragen- 
de Oberflachenmerkmal des Substrats ein Stumpf 
ist, der sich von der gegenuberliegenden, planaren 
Oberflache des Substrats weg erstreckt. 

7. Elektrolumineszente Vorrichtung nach Anspruch 2, 
bei der das symmetrische, nicht planare, vorragen- 
de Oberflachenmerkmal des Substrats folgendes 
umfa&t: 

einen Stumpfabschnitt, der sich von der gegen- 
uberliegenden, planaren Oberflache des Sub- 
strats weg erstreckt; und 

einen kuppelformigen Abschnitt, der uber dem 
Stumpfabschnitt angeordnet ist, 

8. Elektrolumineszente Vorrichtung nach Anspruch 2, 
bei der das symmetrische, nicht planare, vorragen- 
de Oberflachenmerkmal des Substrats eine kuppel- 



formige Oberflache umfaftt, die bezuglich der ge- 
genuberliegenden, planaren Oberflache des Sub- 
strats konkav ist. 

5 9. Elektrolumineszente Vorrichtung nach Anspruch 7 
oder 8, bei welcher der kuppelformige Abschnitt 
bzw. die kuppelformige Oberflache spharisch ist 

10. Elektrolumineszente Vorrichtung nach Anspruch 5, 
10 bei der: 

das Substrat aus der Gruppe ausgewahlt wird, 
die aus Silika, Glas, Saphir, Quarz und durch- 
sichtigem Kunststoff besteht; 

15 

die aus einem reflektierenden Material gebilde- 
te erste Schicht ein dielektrischer Stapel aus 
einander abwechselnden Siliziumdioxid- und 
Siliziumnitrid-Schichten oder einander ab- 
20 wechselnden Sr0 2 - und Ti0 2 -Schichten ist; 

die zweite reflektierende Schicht aus der Grup- 
pe ausgewahlt wird, die aus Al, Ag, Legierun- 
gen von Mg und Ag, Legierungen von Li und AI 
25 besteht; und 

das Mittei, das dazu dient, das Anlegen eines 
quer uber die aktive Schicht verlaufenden elek- 
trischen Feids zu erleichtern, eine Indiumzinn- 
30 oxid- oder eine Polyanilinschicht umfafM. 

11. Elektrolumineszente Vorrichtung nach Anspruch 
1 0, die weiterhin eine zwischen der aktiven Schicht 
und dem dieiektrischen Stapel angeordnete Full- 

35 schicht, eine Lochertransportschicht und eine Elek- 
tronentransportschicht umfafct 

12. Elektrolumineszente Vorrichtung nach Anspruch 3, 
bei der die Spitzenwellenlange, die durch die einen 

40 Mikrohohlraum aufweisende, elektrolumineszente 
Vorrichtung senkrecht zu der planaren Oberflache 
des Substrats ausgestrahlt wird, um weniger als et- 
wa 6 nm von der Spitzenwellenlange abweicht, die 
unter einem Winkei von 45° gegenuber der Norma- 
ls |en der planaren Oberflache des Substrats ausge- 
strahlt wird. 

13. Elektrolumineszente Vorrichtung nach Anspruch 1, 
bei der das zur Elektrolumineszenz fahige organi- 
se) sche Material aus der Gruppe ausgewahlt wird, die 

aus Alq, Perylen-Derivaten, Anthracen, Poly(phe- 
nylenvinylene), Oxadiazol oder Stilben-Derivaten, 
und einem beliebigen der vorausgehenden besteht, 
das mit einem Dotierungsmaterial dotiert ist, das 
55 aus der Gruppe ausgewahlt wird, die aus Cumari- 
nen, DCM und Rhodamin-Derivaten besteht. 

14. Elektrolumineszente Vorrichtung nach einem der 
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vorhergehenden Anspruche, bei der die Vorrich- 
tung eine Vielzahl von symmetrischen, nicht plana- 
ren, vorspringenden Oberflachenmerkmalen um- 
fa£t, die auf der Oberfiache des Substrats angeord- 
net sind. 5 

15. Display umfassend: 

ein Substrat mit einer planaren Oberfiache auf 
einer Seite und einer entgegengesetzten Seite, 10 
die eine Vielzahl von nicht planaren, symmetri- 
schen, vorragenden Oberflachenmerkmalen 
aufweist; und 

eine Vielzahl von organischen Mikrohohlraum- 1$ 
schichtstrukturen, die jeweils auf einer der vor- 
ragenden Oberflachenmerkmale ausgebildet 
sind und jeweils eine Licht aussendende Vor- 
nchtung (LED) definieren, wobei jede dieser 
Schichtstrukturen folgendes umfa&t: eine erste 20 
Schicht aus einem reflektierenden Material, 
das auf der zugehorigen vorragenden Oberfia- 
che angeordnet ist; eine zweite Schicht aus ei- 
nem reflektierenden Material, die uberdie erste 
Schicht geschichtet ist; und eine aktive Schicht 25 
mit einem zur Elektrolumineszenz fahigen or- 
ganischen Material, die zwischen der ersten 
und der zweiten reflektierenden Schicht ange- 
ordnet ist, bei der die in Abhangigkeit von dem 
Winkel unter dem diese LEDs betrachtet wer- 30 
den, auftretende Abweichung der Emissions- 
welienlange durch die nicht planaren, symme- 
trischen, vorragenden Oberflachenmerkmale 
im Vergleich zu der Emissionswellenlangenab- 
weichung in einer planaren Vorrichtung verrin- 35 
gert ist. 

16. Display nach Anspruch 15, bei dem zumindest ei- 
nige der vorragenden Oberflachenmerkmale Ko- 
nen sind. 40 

17. Display nach Anspruch 15, bei dem die aktive 
Schicht und die erste reflektierende Schicht jeweiis 
im wesentlichen uber das gesamte Display hlnweg 
durchgehend ausgebildet sind, wobei die zweite re- 45 
flektierende Schicht strukturiert ist, um einzelne der 
LEDs zu definieren. 

18. Display nach Anspruch 17, wobei: 

50 

wenigstens jeweils drei benachbarte LEDs ein 
Pixel des Displays bilden, wobei jede der be- 
nachbarten LEDs eines gegebenen Pixels in 
der Lage ist, eine andere Farbe auszustrahlen; 

55 

jede der benachbarten LEDs eines gegebenen 
Pixels eine farbsteuernde FQIIschicht aufweist, 
die sich in ihrer Dicke von den ubrigen benach- 
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barten LEDs des gegebenen Pixels unterschei- 
det; und 

die aktive Schicht jeder der benachbarten 
LEDs eines gegebenen Pixels im wesentlichen 
das gleiche Material enthalten und dieselbe 
Dicke aufweisen, so daft jede der benachbar- 
ten LEDs eines gegebenen Pixels in der Lage 
ist, bei einem Anlegen einer Spannung eine un» 
terschiediiche Farbe auszustrahlen. 



Revendications 

1. Dispositif electroluminescent, comprenant: 

un substrat ayant une surface avec au moins 
un element de surface symetrique non plan fai- 
sant saillie, dans lequel ia geometrie de Pele- 
ment de surface symetrique non plan du subs- 
trat est de nature a offrir une reduction de la 
variation de la longueur d'onde d'emission en 
fonction de I'angle d'observation du dispositif 
comparee a la variation de ia longueur d'onde 
d'emission d'un dispositif plan ; 
une premiere couche de materiau reflechissant 
dispose sur ledit element de surface non plan 
faisant saillie ; 

une deuxieme couche de materiau reflechis- 
sant superposee au-dessus de ladite premiere 
couche ; et 

une couche active ayant un materiau organique 
capable d'electroluminescence et dispose en- 
tre lesdites premiere et deuxieme couches re- 
flechissantes, ladite couche active et lesdites 
couches reflechissantes formant une structure 
de microcavite, 

2. Dispositif electroluminescent selon la revendication 

1 , dans lequel le substrat possede une surface pla- 
ne qui fait face a Telement de surface symetrique 
non plan faisant saillie. 

3. Dispositif electroluminescent selon la revendication 

2, dans lequel I'eiement de surface symetrique non 
plan faisant saillie du substrat est un cone ayant un 
sommet qui s'eloigne de la surface plane du subs- 
trat qui fait face. 

4. Dispositif electroluminescent selon la revendication 

3, dans lequel le cone possede un angle de pente 
entre 8° environ et 15° environ. 

5. Dispositif electroluminescent selon la revendication 
1 comprenant de plus des moyens pourfaciliter Pap- 
plication d'un champ electrique a travers la couche 
active de maniere a pouvoir provoquer remission 
de lumiere par ladite structure de microcavite a tra- 
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vers (edit substrat. 

6. Dispositif electroluminescent selon la revendication 
2, dans lequel ('element de surface symetrique non 
plan faisant saillie du substrat est un tronc de cone 
qui s'eloigne de la surface plane du substrat qui fait 
face, 

7. Dispositif electroluminescent selon la revendication 
2, dans lequel ('element de surface symetrique non 
plan faisant saillie du substrat comprend : 

une partie en tronc de cone qui s'eloigne de la 
surface plane du substrat qui fait face ; et 
une partie en dome au-dessus de la partie en 
tronc de cone. 

8. Dispositif electroluminescent selon la revendication 

2, dans lequel ('element de surface symetrique non 
plan faisant saillie du substrat comprend une surfa- 
ce en dome concave par rapport a la surface plane 
du substrat qui fait face. 

9. Dispositif electroluminescent selon la revendication 
7 ou 8, dans lequel la partie en dome ou la surface 
est spherique. 

10. Dispositif electroluminescent selon la revendication 
5, dans lequel : 

ledit substrat est choisi dans un groupe consti- 
tue de silice, de verre, de saphir, de quartz et 
de plastique transparent ; 
ladite premiere couche de materiau reflechis- 
sant est un empilement dielectrique d'une alter- 
nance de couches de dioxyde de silicium et de 
nitrite de silicium ou d'une alternance de cou- 
ches de Si0 2 et Ti0 2 ; 

ladite deuxieme couche reflechissante est 
choisie dans un groupe constitue d'AI, d'Ag, 
d'alliages de Mg et d'Ag, d'alliages de Li et d'AI ; 
et 

ledit moyen pour faciliter I'appiication d'un 
champ electrique a travers la couche active 
comprend une couche d'oxyde d'etain indium 
ou de polyaniline. 

1 1 . Dispositif electroluminescent selon la revendication 
10 comprenant de plus une couche de remplissage 
disposee entre ladite couche active et ledit empile- 
ment dielectrique, une couche de transport des 
trous et une couche de transport des electrons. 

12. Dispositif electroluminescent selon la revendication 

3, dans lequel ie pic de la longueur d'onde emise 
par le dispositif electroluminescent a microcavite, 
selon la normale a la surface plane du substrat, va- 
rie de moins de 6 nm environ par rapport au pic de 



la longueur d'onde emise a 45° de la normale a la 
surface plane du substrat. 

13. Dispositif electroluminescent selon la revendication 
5 1, dans lequel ie materiau organique capable 

d'electroluminescence est choisi dans ie groupe 
constitue d'Alq, de derives de peryiene, d'anthrace- 
ne, de po!y(phenylene vinylenes), d'oxadiazole ou 
de derives de stilbene, et de n'importe lequel des 
10 precedents dopes avec un dopant choisi dans le 
groupe constitue de coumarines, de DCM et de de- 
rives de rhodamine. 

14. Dispositif electroluminescent selon une quelcon- 
15 que des revendications precedentes, dans lequel le 

dispositif englobe une multiplicity d'elements de 
surfaces symetriques non plans faisant saillie dis- 
poses sur la surface du substrat. 

20 15. Afficheur comprenant : 

un substrat possedant une surface plane sur un 
cote et une surface qui lui fait face ayant une 
pluralite d'elements de surfaces symetriques 

25 non plans faisant saillie ; et 

une pluralite de structures de couches de mi- 
crocavites organiques formees chacune sur 
Tun desdits elements de surfaces faisant saillie 
et definissant chacune un dispositif emetteur 

30 de iumiere (LED), chacune desdites structures 

de couches englobant une premiere couche de 
materiau reflechissant disposee sur la surface 
associee faisant saillie ; une deuxieme couche 
de materiau reflechissant superposee au-des- 

35 sus de ladite premiere couche ; et une couche 

active ayant un materiau organique capable 
d'electroluminescence et disposee entre lesdi- 
tes premiere et deuxieme couches reflechis- 
santes dans laquelle la variation de la longueur 

40 d'onde d'emission en fonction de Tangle d'ob- 

servation desdites LED est reduite par les ele- 
ments de surfaces symetriques non plans fai- 
sant saillie en comparaison de la variation de 
la longueur d'onde d'emission dans un disposi- 

45 tif plan. 

16. Afficheur selon la revendication 15, dans lequel cer- 
tains au moins des elements de surface faisant 
saillie sont des cones. 

50 

17. Afficheur selon la revendication 15, dans lequel 
chacune desdites couches actives et desdites pre- 
mieres couches reflechissantes sont essentielle- 
ment continues a travers ledit afficheur, ladite 

55 deuxieme couche reflechissante ayant un motif 
pour definir des LED individuelles parmi lesdites 
LED. 
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18. Afficheur selon la revendication 17, dans iequei : 

au moins trois LED adjacentes desdites LED 
forment un pixel dudit afficheur avec chacun 
desdites LED adjacentes d'un pixel donne ca» 5 
pabie d'emettre une couleur differente ; 
chacune desdites LED adjacentes d'un pixel 
donne ayant une couche de remplissage con- 
trolant la couleur d'une epaisseur differente de 
celle de I'autre desdites LED adjacentes dudit 10 
pixel donne ; et 

ladite couche active de chacune desdites LED 
adjacentes d'un pixel donne ayant essentielle- 
ment le meme materiau et la meme epaisseur 
de telle sorte qu'une couleur differente peut 15 
etre emise par chacune desdites LED adjacen- 
tes d'un pixel donne lorsqu'il est polarise. 
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FIG. 2 
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FIG. 4 A 
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FIG. SB 
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